Introduction {#sec1-0300060519882149}
============

Mesenchymal stem cells (MSCs) are pluripotent progenitor cells that can differentiate into a wide diversity of somatic cells such as chondrocytes, osteoblasts, myoblasts, adipocytes, and neural cells. They are also conducive to the repair and regeneration of corresponding tissues including cartilage, bone, muscle, fat, and tendons.^[@bibr1-0300060519882149],[@bibr2-0300060519882149]^ By interaction with various biomolecules like chemokines, cytokines, and growth factors, MSCs contribute to the regeneration and repair of inflamed or damaged tissues through stem cell homeostasis and immunomodulation.^[@bibr3-0300060519882149][@bibr4-0300060519882149][@bibr5-0300060519882149]--[@bibr6-0300060519882149]^

Tissue engineering approaches have been explored for a range of oral and dental tissues.^[@bibr7-0300060519882149]^ For this purpose, human dental tissue-derived mesenchymal stem cells (hDT-MSCs) of various kinds including stem cells from the apical papilla (SCAPs), dental pulp stem cells (DPSCs), periodontal ligament stem cells (PDLSCs), dental follicle stem cells (DFSCs), and stem cells from human exfoliated deciduous teeth have been used.^[@bibr8-0300060519882149][@bibr9-0300060519882149][@bibr10-0300060519882149][@bibr11-0300060519882149][@bibr12-0300060519882149]--[@bibr13-0300060519882149]^ SCAPs derive from a wide range of sources and are easy to obtain. They also have a higher proliferation rate and telomerase activity, as well as enhanced tissue regeneration and migration capacities compared with DPSCs.^[@bibr14-0300060519882149][@bibr15-0300060519882149]--[@bibr16-0300060519882149]^ Their application is further expanded because of their low immunogenicity.^[@bibr17-0300060519882149]^ The apical papilla of teeth is a developing organ and an effective source of cells for hard tissue regeneration such as root formation,^[@bibr18-0300060519882149]^ while PDLSCs have the potential for periodontal regeneration through differentiating into fibroblasts, cementoblasts, and osteoblasts.^[@bibr19-0300060519882149]^

In the context of stem cell-based therapies, the delivery of cells to the target site of inflammation, injury, or repair (homing) is very challenging. MSC homing is a complex process mediated by chemotactic cytokines, chemokine receptors, and endothelial co-receptors. It is also affected by culture conditions such as cell confluency, oxygen concentration, and passage numbers.^[@bibr20-0300060519882149][@bibr21-0300060519882149][@bibr22-0300060519882149]--[@bibr23-0300060519882149]^ However, it is not clear how to enhance the cell homing of hDT-MSCs. Nevertheless, because this mainly relies on cell migration, the chemotaxis ability is critical in determining the efficacy of MSC-based therapies.^[@bibr24-0300060519882149]^ Therefore, improving the homing ability can be vital in optimizing regenerative medicine outcomes. MSCs can also accelerate tissue repair or regeneration through paracrine functions.^[@bibr25-0300060519882149]^

Enhancer of zeste homolog 2 (EZH2), a catalytic component of the polycomb repressive complex 2, acts as a methyltransferase for H3 lysine 27 trimethylation, modulates chromatin structure and gene expression, and recruits DNA methyltransferases for gene silencing.^[@bibr26-0300060519882149],[@bibr27-0300060519882149]^ Recently, several studies reported that EZH2 has an important role in tumor cell metastasis. Additionally, EZH2 was found to promote tumor cell homing,^[@bibr28-0300060519882149][@bibr29-0300060519882149]--[@bibr30-0300060519882149]^ while tumor suppressor genes such as *p16/CDKN2A*, *BAP1*, *ARID1A*, and *DAB2IP* were associated with EZH2 in multiple tumors.^[@bibr31-0300060519882149][@bibr32-0300060519882149][@bibr33-0300060519882149]--[@bibr34-0300060519882149]^

EZH2 also plays an essential role in maintaining the self-renewal and proliferative capabilities of stem cells,^[@bibr35-0300060519882149]^ while EZH2 downregulation suppressed proliferation and promoted regeneration of human dental pulp cells.^[@bibr36-0300060519882149]^ These findings suggest that EZH2 regulates dental pulp proliferation and regeneration. Indeed, its control of human dental pulp inflammation was reported *in vitro* with its ability to affect the transcription of proinflammatory cytokines interleukin (IL)-6, IL-8, and C-C motif chemokine ligand (CCL)2 by binding their promoters.^[@bibr37-0300060519882149]^ The release of proinflammatory factors from dental pulp cells is likely to promote stem cell homing to manage pulp inflammation.^[@bibr38-0300060519882149]^ It was previously shown that the depletion of EZH2 depressed BMSC migration by changing nuclear properties,^[@bibr39-0300060519882149]^ but the role and mechanism of EZH2 in the homing of hDT-MSCs remains unknown.

In preliminary findings, we used microarray analysis to show that the expression of 15 chemokines, including CXCL11, CXCL16, and CXCR1, was decreased after EZH2 knockdown in SCAPs. Therefore, the present study aimed to investigate the function and mechanism of EZH2 in the migration and chemotaxis of hDT-MSCs to explore its potential role in the homing of hDT-MSCs.

Materials and methods {#sec2-0300060519882149}
=====================

Cell cultures {#sec3-0300060519882149}
-------------

The present study was approved by the Institutional Research Ethics Committee, and all experiments involving human stem cells were conducted following guidelines set by Beijing Stomatological Hospital Capital Medical University (Beijing Stomatological Hospital Ethics Review No. 2011-02). Three human impacted third molar teeth were obtained from three healthy patients (aged 16--20 years) attending the Department of Oral and Maxillofacial Surgery (Beijing Stomatological Hospital) after obtaining informed consent. All teeth were flushed using sterile phosphate-buffered saline (PBS) and stored in this at 4°C. SCAPs and PDLSCs were then isolated, cultivated, and identified as previously described.^[@bibr15-0300060519882149],[@bibr40-0300060519882149]^ Briefly, apical papillae were gently separated from the root by eye scissors, and PDLSCs were separated from the periodontal ligament in the middle third of the root. Apical papillae and periodontal ligament tissues were then immersed in a solution containing 4 mg/mL dispase (Roche Diagnostics Corp, Indianapolis, IN) and 3 mg/mL collagenase type I (Worthington Biochemical Corp, Lakewood, NJ) for 1 hour at 37°C. Single-cell suspensions were obtained using a 70-μm strainer (Falcon, BD Labware, Franklin Lakes, NJ). Stem cells were cultured in alpha Dulbecco's modified Eagle's medium containing 15% fetal bovine serum, 100 U/mL penicillin, 100 mg/mL streptomycin, and 2 mmol/L glutamine (all Invitrogen, Carlsbad, CA) in a humidified incubator with 5% CO~2~ at 37°C. The medium was changed every 72 hours.

Plasmid construction and viral infection {#sec4-0300060519882149}
----------------------------------------

Plasmids were constructed using standard techniques and were verified by restriction enzyme digests and sequencing.^[@bibr41-0300060519882149]^ The EZH2-specific short hairpin RNAs (shRNA) was subcloned into the LV3 lentiviral vector with green fluorescent protein (GenePharma, Suzhou, China). Lentivirus packaging was performed by GenePharma. The human full-length EZH2 gene sequence was combined with an HA-tag using the gene synthesis method,^[@bibr42-0300060519882149]^ and cloned into the pQCXIN retroviral vector at the *Bam*HI and *Age*I restriction sites (Clontech Laboratories, Mountain View, CA, USA). Retroviral packaging was performed according to the manufacturer's protocol (Clontech Laboratories). Approximately 2 × 10^6^ SCAPs were plated in 10-mm dishes and transfected for 12 hours using lentiviruses or retroviruses mixed with 6 μg/mL polybrene (Sigma Aldrich, St. Louis, MO). After 48 hours, infected SCAPs were screened with suitable antibiotics: those infected with EZH2sh or Consh lentiviruses were screened with 1 μg/mL puromycin (Invitrogen) for 7 days, while those infected with HA-EZH2 or vector retrovirus were selected with 400 μg/mL G418 (Invitrogen) for 10 days. Scrambled shRNA (Scramsh) supplied by GenePharma was used as a control. The target sequence of EZH2 shRNA (EZH2sh) was: 5′-GCTGA TGAAGTAAAGAGTATG-3′.

Real-time reverse transcription (RT)- PCR {#sec5-0300060519882149}
-----------------------------------------

Total RNA was extracted from infected SCAPs using TRIzol reagent (Invitrogen). According to the manufacturer's protocol, target cDNA was amplified from 2 μg RNA using oligo (dT) or random hexamers and reverse transcriptase. Finally, real-time PCR reactions were executed by the iCycler iQ Multicolor Real-Time PCR Detection System (Bio-Rad, Hercules, CA) and the SYBR Green PCR kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions. Gene expression changes were calculated by the delta CT method. Online D-LUX Designer™ software (Invitrogen) was used to design the following primers (Supplementary Table 1).

Western blot analysis {#sec6-0300060519882149}
---------------------

Infected SCAPs were dissolved in radio immunoprecipitation assay buffer containing 1% Nonidet P 40, 1 mM ethylenediaminetetraacetic acid, 1% sodium dodecyl sulphate (SDS), 10 mmol/L Tris-HCl, 50 mmol/L β-glycerophosphate, 50 mmol sodium fluoride, and 1: 100 proteinase inhibitor cocktail. Samples were separated on 15% SDS polyacrylamide gels and transferred to polyvinylidene difluoride membranes using semi-dry transfer apparatus (BioRad, Hercules, CA) at 2.5 A, 2.5 V for 7 minutes. The membranes were then immersed in 5% dehydrated milk for 1 hour and incubated with primary antibodies overnight at 4°C, then with an anti-mouse/rabbit IgG secondary antibody conjugated with horseradish peroxidase for 40 minutes at room temperature (Promega, Madison, WI). Immune complexes were detected using SuperSignal reagents (Pierce, Rockford, IL). Primary antibodies included a monoclonal antibody against β-actin (Applygen Technologies, Beijing, China), monoclonal antibody against EZH2 (Abcam, Cambridge, MA), monoclonal antibody against CXCL11 (Zenbio, Chengdu, China), monoclonal antibody against CXCL16 (Bioss, Beijing, China), and a monoclonal antibody against CXCR1 (Bioss).

Scratch migration assays {#sec7-0300060519882149}
------------------------

The scratch migration assay was conducted to assess cell migration. Infected SCAPs (∼2 × 10^5^ cells/well) were seeded onto six-well plates (n = 3) and proliferated to achieve 95% confluency. Cells were then washed twice using PBS, and cultivated for 1 hour at 37°C in minimum essential medium α (α-MEM) without serum. Three scratches were made per well with a 1000-μL pipette tip, and each well was washed three times using PBS. Cells were then grown in fresh α-MEM culture medium without serum. Images from the same viewpoint were collected by an inverted microscope (Olympus, Tokyo, Japan) at 0, 24, and 48 hours after the scratch. Image-Pro1.49v software (National Institutes of Health, Bethesda, MD) was used to calculate the void area (VA), height, and relative width (Area%  = VA/height) in each group.

SCAPs infected with vector or EZH2 were cultured for 72 hours prior to the collection of culture medium (CM) supernatant. PDLSCs (∼2 × 10^5^ cells/well) were seeded onto six-well plates and expanded to 95% confluency. After scratching as described above, PDLSCs were cultured in α-MEM culture medium containing 50% Vector-CM or EZH2-CM. The migration distance of cells was observed and measured at 0, 24, and 48 hours post-scratch using an inverted microscope and Image-Pro1.49v software as described above.

Transwell chemotaxis assays {#sec8-0300060519882149}
---------------------------

Transwell chemotaxis assays were conducted on SCAPs or PDLSCs (∼4.0 × 10^4^) cultured in 100 μL α-MEM culture media without serum in transwell chambers with 8-μm pore size membranes (Corning, Costar, MA). The lower chamber of the 24-well plate contained 600 μL of α-MEM culture media or α-MEM culture media containing 50% Vector-CM or EZH2-CM containing 15% fetal bovine serum (Invitrogen). Cells were cultured at 37°C for 24 hours, washed twice with PBS, fixed with anhydrous formaldehyde at 4°C for 20 minutes, and dipped in 1% crystal violet for 3 minutes at room temperature. All chemotaxis assays were conducted in triplicate and evaluated simultaneously. Ultimately, we calculated the number of transferred cells in random fields of microscopy (Olympus) at 200× magnification.

Statistical analysis {#sec9-0300060519882149}
--------------------

Data and statistical calculations were handled using SPSS 17.0 software (SPSS Inc., Chicago, IL). The Student's t-test was used to assess the significance between the average of two groups with *P≤*0.05 deemed significant.

Results {#sec10-0300060519882149}
=======

Overexpression of EZH2 promoted migration and chemotaxis in SCAPs {#sec11-0300060519882149}
-----------------------------------------------------------------

To investigate the role of EZH2 in SCAP chemotaxis and migration, we infected SCAPs with a retroviral vector carrying the HA-EZH2 sequence. Western blotting and real-time RT-PCR showed that EZH2 was significantly overexpressed in HA-EZH2-infected SCAPs compared with the vector-only group ([Figure 1A, B](#fig1-0300060519882149){ref-type="fig"}; *P* \< 0.01). Additionally, the scratch migration assay revealed that EZH2 overexpression significantly increased the migration capacity of SCAPs at 24 and 48 hours compared with the control group ([Figure 1C, D](#fig1-0300060519882149){ref-type="fig"}; *P* \< 0.01). Moreover, the transwell chemotaxis assay showed that overexpression of EZH2 significantly enhanced the chemotaxic capability of SCAPs at 24 hours ([Figure 1E, F](#fig1-0300060519882149){ref-type="fig"}; *P* \< 0.01).

![Overexpression of EZH2 promoted the migration and chemotaxis ability of SCAPs. The HA-EZH2 sequence was inserted into a retroviral vector and then transduced into SCAPs via retroviral infection. (A, B): Real-time RT-PCR and western blotting indicated that EZH2 was overexpressed in SCAPs transduced with the HA-EZH2 retrovirus compared with vector-only cells. GAPDH and β-actin were used as internal controls. (C, D): The scratch-simulated wound migration assay showed that EZH2 overexpression promoted the migration of SCAPs at 24 and 48 hours (images were taken from the same field of view). Scale bar: 100 μm. (E, F): The transwell chemotaxis assay showed that EZH2 overexpression promoted the chemotaxis of SCAPs at 24 hours. Scale bar: 50 μm. Error bars represent SD (n = 3). \*\*P\< 0.01; Student's t test.](10.1177_0300060519882149-fig1){#fig1-0300060519882149}

Depletion of EZH2 depressed migration and chemotaxis of SCAPs {#sec12-0300060519882149}
-------------------------------------------------------------

To study the role of EZH2 in the migration and chemotaxis of SCAPs, we knocked down its expression using lentiviral EZH2 shRNA. Real-time RT-PCR and western blotting detected significantly reduced EZH2 expression following lentiviral delivery ([Figure 2A, B](#fig2-0300060519882149){ref-type="fig"}; *P* \< 0.05). Scratch migration assay data showed that enhanced depletion of EZH2 significantly repressed the migration capability of SCAPs at 24 hours compared with the control group ([Figure 2C, D](#fig2-0300060519882149){ref-type="fig"}; *P* \< 0.05). Moreover, the transwell chemotaxis assay revealed that EZH2 depletion significantly reduced SCAP chemotaxis at 24 hours ([Figure 2E, F](#fig2-0300060519882149){ref-type="fig"}; *P* \< 0.05).

![Depletion of EZH2 depressed the migration and chemotaxis ability of SCAPs. EZH2 was knocked down in SCAPs using lentiviral EZH2 shRNA. (A, B): Real-time RT-PCR and western blotting indicated that EZH2 was depressed in SCAPs following transduction of shRNA. (C, D): The scratch-simulated wound migration assay showed that EZH2 knock-down reduced the migration of SCAPs at 24 hours (images were taken from the same field of view). Scale bar: 100 μm. (E, F): The transwell chemotaxis assay showed that EZH2 knock-down reduced the chemotaxis of SCAPs at 24 hours. Scale bar: 50 μm. Error bars represent SD (n = 3). \*P \< 0.05; Student's t test.](10.1177_0300060519882149-fig2){#fig2-0300060519882149}

Conditioned medium of HA-EZH2-overexpressing SCAPs promoted migration and chemotaxis in PDLSCs {#sec13-0300060519882149}
----------------------------------------------------------------------------------------------

To clarify the paracrine function of EZH2, we next incubated PDLSCs in culture supernatants from SCAPs carrying the vector alone or HA-EZH2, then assessed them using scratch migration and transwell chemotaxis assays. CM from EZH2-overexpressing SCAPs significantly increased the migration capacity of PDLSCs at 48 hours compared with the control group ([Figure 3A, B](#fig3-0300060519882149){ref-type="fig"}; *P* \< 0.05). Moreover, the transwell assay revealed that the culture supernatant of EZH2-overexpressing SCAPs significantly enhanced chemotaxis in PDLSCs at 24 hours compared with the control group ([Figure 3C, D](#fig3-0300060519882149){ref-type="fig"}; *P* \< 0.01).

![Conditioned medium of HA-EZH2-overexpressing SCAPs promoted the migration and chemotaxis of PDLSCs. (A, B): The scratch-simulated wound migration assay indicated that the culture supernatant of EZH2-overexpressing SCAPs promoted the migration of PDLSCs at 48 hours compared with the control group (images were taken from the same field of view). Scale bar: 100 μm. (C, D): The transwell chemotaxis assay revealed that the culture supernatant of EZH2-overexpressing SCAPs promoted the chemotaxis of PDLSCs at 24 hours compared with the control group. Scale bar: 50 μm. Error bars represent SD (n = 3). \*P \< 0.05, \*\*P \< 0.01; Student's t test.](10.1177_0300060519882149-fig3){#fig3-0300060519882149}

EZH2 up-regulated the expression of CXCL11, CXCL16, and CXCR1 in SCAPs {#sec14-0300060519882149}
----------------------------------------------------------------------

To determine the function of EZH2 in regulating SCAP chemokines, we used real-time RT-PCR and western blotting to evaluate their expression. These revealed significantly enhanced CXCL11, CXCL16, and CXCR1 expression in EZH2-over expressing SCAPs ([Figure 4A, B](#fig4-0300060519882149){ref-type="fig"}; *P* \< 0.05). Consistent with this, the depletion of EZH2 significantly downregulated the expression of CXCL11, CXCL16, and CXCR1 in SCAPs ([Figure 4C, D](#fig4-0300060519882149){ref-type="fig"}; *P* \< 0.05).

![EZH2 regulated the expression of CXCL11, CXCL16, and CXCR1 in SCAPs. (A, B): Real-time RT-PCR and western blotting showed that EZH2 overexpression upregulated the expression of CXCL11, CXCL16, and CXCR1. (C, D): Real-time RT-PCR and western blotting results showed that the depletion of EZH2 downregulated the expression of CXCL11, CXCL16, and CXCR1 in SCAPs. GAPDH was used as an internal control. Error bars represent SD (n = 3). \*P \< 0.05.](10.1177_0300060519882149-fig4){#fig4-0300060519882149}

To verify that SCAPs infected with vectors carrying EZH2 maintain their stem cell properties, we next inserted the HA-EZH2 sequence into a retroviral vector and transduced this into SCAPs. We then determined the expression of stem cell genes including *NANOG*, *SOX2*, and *OCT4* by real-time RT-PCR and found no significant change after overexpressing EZH2 (Supplementary Figure 1A).

We used real-time RT-PCR to investigate changes in the expression of tumor suppressor genes *P16/CDKN2A*, *BAP1*, *DAB2IP*, and *ARID1A* in SCAPs infected with EZH2 vectors. We observed no significant change in the expression of *BAP1*, *DAB2IP*, and *ARID1A* following EZH2 overexpression but detected a significant increase in the expression of *P16/CDKN2A* (Supplementary Figure 1B; *P* \< 0.05).

Discussion {#sec15-0300060519882149}
==========

In the present study, we found that EZH2 significantly upregulated the expression of CXCL11, CXCL16, and CXCR1 in SCAPs and significantly enhanced cell migration and chemotaxis. EZH2 was previously detected by immunohistochemistry and immunofluorescence analyses in dental pulp cells during inflammation, regeneration, and proliferation, suggesting its association with various physiological and pathological phases. For instance, EZH2 was reduced in infected pulp tissues, while EZH2 inhibition affected the inflammatory expression of interleukins and alkaline phosphatase activity.^[@bibr36-0300060519882149]^

We identified no obvious change in the expression of *NANOG*, *SOX2*, or *OCT4* following EZH2 overexpression in SCAPs, suggesting that the stem cell properties of SCAPs were still maintained. We also found no difference in the expression of *BAP1*, *DAB2IP*, or *ARID1A*, but detected a significant increase in the expression of P16/CDKN2A after overexpressing EZH2 in SCAPs. Previous research showed that EZH2-dependent repression of p16/CDKN2A led to the cell cycle progression observed in multiple cancers.^[@bibr31-0300060519882149]^ Therefore, the role of EZH2 in regulating proto-oncogenes and tumor suppressor genes in stem cells needs further study.

Consistent with our current results, EZH2 downregulation has been shown to suppress BMSC migration.^[@bibr39-0300060519882149]^ However, its role appears to vary remarkably among human tissues. For instance, overexpression of EZH2 in prostate cells is associated with the risk of developing benign hyperplasia in the prostate and prostatitis,^[@bibr43-0300060519882149]^ while EZH2 activation in pancreatic islet beta cells and dental pulp regeneration preserves the pluripotency of associated stem cells and promotes their proliferative activity and differentiation.^[@bibr44-0300060519882149]^ Additionally, EZH2 inhibition may potentiate osteogenic and myogenic regeneration and enhance the expression of differentiation genes,^[@bibr45-0300060519882149]^ providing support for its use in stem cell-based therapy. Moreover, EZH2 has been identified as a key regulator of tumor angiogenesis through its role in stimulating vascular endothelial growth factor (VEGF); conversely, the suppression of EZH2 from tumor endothelial cells reduced angiogenesis by upregulating angiogenesis inhibitors.^[@bibr46-0300060519882149]^ EZH2 has also been associated with fibrogenesis,^[@bibr47-0300060519882149]^ with EZH2 inhibition shown to diminish myofibroblast activity in an animal model.^[@bibr48-0300060519882149]^

Several studies^[@bibr49-0300060519882149][@bibr50-0300060519882149]--[@bibr51-0300060519882149]^ investigated the enhancement of stem cell homing, either by modulation with chemokine receptors or adjusting target tissues to release corresponding chemokines. Chemokines are an important family of signaling molecules comprising four subfamilies, CXC, CC, C, and CX3C. They are known for their ability to trigger leukocyte activation in inflammatory processes^[@bibr52-0300060519882149]^ as well as their critical roles in MSC chemotaxis and migration, with overexpression of CXCR4 shown to enhance MSC homing to the bone marrow of NOD/SCID mice.^[@bibr53-0300060519882149]^ Additionally, CCR1 overexpression significantly enhanced chemokine-induced mouse MSC migration,^[@bibr54-0300060519882149]^ while BMSCs are thought to migrate under the action of CCL25.^[@bibr55-0300060519882149]^ CX3CL1 was previously shown to activate Jak2/Stat5a/ERK1/2 through CX3CR1 receptors to complete the directional migration of BMSCs to the brain in a therapeutic role.^[@bibr56-0300060519882149]^ Moreover, CCL5 enhanced the migration of dermal stromal cells and adipose stem cells in an *in vitro* wound healing assay.^[@bibr57-0300060519882149]^

Genetic modification has been used to improve the homing capability of MSCs by promoting their innate properties.^[@bibr58-0300060519882149]^ For example, overexpression of the a4 subunit of the VLA-4 integrin increased the homing of MSCs to bone marrow in a mouse model.^[@bibr59-0300060519882149]^ The mitogen-activated protein kinase (MAPK) signaling pathway, including ERK1/2, Jun amino-terminal kinases 1/2/3, and p38-MAPK, regulates cell homing through SDF-1/CXCR4.^[@bibr60-0300060519882149]^ Moreover, the phosphoinositide 3-kinase/Akt signaling pathway also functions in cell homing in association with the RhoA/ROCK signaling pathway,^[@bibr61-0300060519882149]^ while the Notch signaling pathway regulates CXCR4 expression and MSC migration.^[@bibr62-0300060519882149]^

A variety of chemokines including CXCL2, CXCL10, and CCL16 are expressed in healthy dental pulp and are thought to enhance the migration of immune cells in the local environment.^[@bibr63-0300060519882149]^ These findings are in agreement with our observations that EZH2 regulates SCAP homing by controlling the expression of CXCL11, CXCL16, and CXCR1. CXCL11 has a latent capacity in tumor intervention through its functional specificity.^[@bibr64-0300060519882149]^ It is a target gene of microRNA-206, which was reported to inhibit the migration and invasion of prostate cancer cells by down-regulating CXCL11.^[@bibr65-0300060519882149]^ Additionally, chemokines CXCL10 and CXCL11 were shown to recruit human MSCs by chemotaxis assays,^[@bibr66-0300060519882149]^ while CXCL16 appears to advance the proliferation and invasion of lung cancer by altering the nuclear factor κB pathway.^[@bibr67-0300060519882149]^ Furthermore, CCL11, CXCL16, CXCL12, and CXCL13 were found to enhance the bidirectional migration of MSCs across bone marrow endothelial cells.^[@bibr68-0300060519882149]^ CXCR1 as a G protein-coupled receptor and IL-8 receptor alpha can be bonded and activated by CXCL6 and CXCL8,^[@bibr69-0300060519882149]^ and overexpression of the IL-8 receptor gene and CXCR1 were shown to improve the capability of human umbilical cord blood-derived MSCs to migrate to gliomas.^[@bibr70-0300060519882149]^ This evidence indicates that CXCL11, CXCL16, and CXCR1 may contribute to the homing of MSCs, but the regulatory molecular mechanism was unclear.

hDT-MSCs are currently under study as a superior cell source for multipotent stem cells in tissue repair.^[@bibr10-0300060519882149]^ They secrete paracrine factors that play significant roles in the repair and regeneration of tissues,^[@bibr71-0300060519882149]^ and their migration can be potentiated using biomaterials that advance paracrine effects.^[@bibr72-0300060519882149]^ Similarly, pretreatment of MSCs by pro-inflammatory cytokines enhanced the metastasis and migration of cholangiocarcinoma cells via paracrine function.^[@bibr73-0300060519882149]^ Moreover, stem cell-mediated paracrine signaling altered the proliferation and migration of native vocal fold fibroblasts *in vitro*.^[@bibr74-0300060519882149]^

In the present study, the culture supernatant of EZH2-overexpressing SCAPs enhanced the migration and chemotaxis ability of PDLSCs, indicating the likelihood of a paracrine mechanism. Additionally, EZH2 upregulation increased the expression of CXCL11, CXCL16, and CXCR1 in SCAPs. This indicates that EZH2 has the potential to be used in therapeutic approaches for the regeneration of dental pulp and periodontal tissues. For instance, the ability to potentiate fibrogenesis and angiogenesis through the EZH2--VEGF paracrine circuit may aid pulpal revascularization or the regeneration of periodontal ligaments which both require fibroblastic activity.

Several obstacles remain to be overcome before hDT-MSCs can be widely used, including understanding cell homing, directed differentiation, cell proliferation, and modulation mechanisms. Although several studies have reported hDT-MSC homing to target tissues, which is crucial for stem cell therapy, this requires further research.^[@bibr50-0300060519882149]^ It also remains to be determined how EZH2 regulates the homing and paracrine functions of MSCs. A limitation of our current study is that we only investigated specific dental stem cells (SCAPs and PDLSCs). Given that EZH2 interactions vary widely among tissues and organs, further research is needed to understand the response of various stem cells and cell lines at the molecular level. Additionally, the present study did not explore the association of EZH2 with various differentiated cell lines such as fibroblast, odontoblasts, and osteoblasts in the context of dental tissue regeneration.

In conclusion, our study revealed that EZH2-overexpressing SCAPs showed enhanced migration and chemotaxis capabilities, and increased expression of CXCL11, CXCL16, and CXCR1. Additionally, EZH2 promoted migration and chemotaxis in PDLSCs via a paracrine mechanism. These findings highlight the possibility of promoting hDT-MSC-based cell therapies and regenerative applications including dental pulp and periodontal ligament regeneration.
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